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METHOD FOR MARKING MATERIALS AND 



MATERIALS USED FOR MARKING 



DESCRIPTION 




Technical Field 



The present invention relates to a method and 
materials for forming a mark such as a product number or a 
lot number on glass or on a laser transmittive body used 
as a component of a liquid crystal panel, a plasma display 
panel or a semiconductor substrate or the like. 



Methods of marking on a transparent body such as 
glass or a laser transmittive body have been disclosed in 
Japanese Patent Laid-open No. 008634/1994 and Japanese 
Patent Laid-open No. 155920/1994. 

Fig. 16 and Fig. 17 show the prior art disclosed in 
Japanese Patent Laid-open No. 008634/1994. In Fig. 16, 
the numeral 31 represents a glass plate, 32 a metal plate 
made of material such as stainless steel, phosphor bronze 
or aluminum, 33 a condensing lens, and 34a and 34b are x- ■ 
axis and y-axis rotation mirrors for scanning the laser 
beam LA, and 35a and 35b are galvanometer scanners of x- 
axis and y-axis rotation mirrors, respectively. According 
to the marking method of the prior art, the glass plate 31 
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and the metal plate 32 are closely contacted with each 
other, a laser beam is applied through the glass to the 
surface of metal plate 32, a desired pattern such as of a 
character, a diagram or a symbol, is formed with the 
heated metal of metal plate 32 by the laser beam 
irradiation is deposited to the glass plate. By applying 
the laser beam LA as shown in Fig. 17(a) and separating 
glass plate 31 from metal plate 32 as shown in Fig. 17(b), 

C3 

)3 metal particles MR deposited to the surface of glass plate 

J3 31a is obtained showing the marking of the pattern having 

C3 

Y'l the metal color of metal plate 32. 

Fig. 18 shows the prior art disclosed in Japanese 
Patent Laid-open No. 155920/1994, This conventional 
example uses the same apparatus as shown in Fig. 16, and 
as shov7n in Fig. 18, chips 36a and 36b of a thickness of 
0,2 to 0.5 mm are placed between glass plate 31 and metal 
plate 32 to form a gap therebetween. Then a laser beam is 
applied with a desired pattern such as of a character, a 
diagram or a symbol through the glass plate to the surface 
of metal plate 32 to locally heat the surface of metal 
plate 32a irradiated by the laser beam, thereby emitting 
matter such as metal particles MR, ions or plasma from 
metal plate 32 in the direction of the arrow A. As shown 
in Fig. 18, a part of the matter emitted strikes the 
surface of confronting glass plate 31, thereby removing 
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surface 31a of glass plate 31 by the shock while forming 
dent 31b. When glass plate 31 is separated from metal 
plate 32, dent 31b appears to be white or milky white. 
Therefore, when the laser beam is applied with a desired 
pattern while scanning, white marks are formed showing the 
pattern on the surface of glass plate 31. As described 
above, there have been two methods for marking on a 
transparent body such as a glass plate. 

However, in the prior art disclosed in Japanese 
Patent Laid-open No. 008634/1994, since the evaporation 
area of the metal spreads wider than the diameter of the 
laser beam, when the laser beam is applied to the metal, 
it is unable to form minute marks. Further, when a laser 
beam is applied to metal, since the temperature of the 
metal is raised as high as the fusion temperature and the 
metal is closely contacted with the glass surface, the 
temperature of the closely contacted glass plate is also 
highly raised locally. Consequently, a crack is 
occasionally generated in the glass plate which is weaker 
than the metal plate in thermal shock, or at the worst, 
the glass plate is broken. 

On the other hand, in the prior art disclosed in 
Japanese Patent Laid-open No. 155920/1994, there is a gap 
of 0.2 to 0.5 mm between the glass plate to be marked and 
the metal plate, and since matter such as metal particles 



MR, ions or plasma generated by irradiation of the laser 
beam and spread into a two dimensional area, it is not 
possible been unable to form delicate marking. Further, 
since the mark is white or milky white in color, it is 
hard to recognize visually, and with an instrument having 
a photodetector such as a bar-code reader, it is 
completely impossible to recognize the marked codes or 
characters. Further, since a dent is formed in the 
surface of the glass plate, the bending strength of the 
glass decreases remarkably. Particularly, in the case of 
thin glass plate of the thickness of 1 mm or less used as 
liquid crystal panels, the glass plate is sometimes broken 
by the bending stress due to dead weight, while precludes 
mechanical transportation . 

Recently, forming marks on a liquid crystal panel or 
a plasma display panel has been not only for forming 
product numbers, but also for forming QR Code, Data Code, 
Veri Code or two-dimensional bar codes or bar codes on a 
glass plate in the initial process of manufacture for 
process control of each panel substrate. Therefore, it is 
greatly required that the mark is of easy recognition, 
uniform quality, stable and unchanging in quality during 
manufacture, and lov/ cost . 

However, with a marking material of the prior art, 
the mark such as symbol etc. disappears due to heat 



treatment in the manufacturing process/ and it is 
difficult to form a predetermined configuration in some 
marking material, both of which result in increased costs. 

Also, in the methods of the prior art, there are 
problems such as uneveness of thickness of the film on 
which the mark is formed on a glass plate, part of a mark 
disappears, and at worst the code can not be read with a 
data code reader. This is because the film of the code 
mark is required to shield light completely for reading a 
code with a code reader, but if there is irregularity in 
m film thickness, the quantity of light shielded by the film 

» i 

n of the mark varies, and correct reading of the mark is 

C3 interrupted thereby. 
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3 Disclosure of Invention 

It is an object of the present invention to provide 
a method of marking for easily and uniformly forming a 
minute mark, which has not been realized by the prior art, 
on a transparent body such as glass or a laser 
transmittive body. Such a marking method is required to 
obtain easy visual recognition and instrument reading of a 
mark, vjhile supplying a marked plate with high strength 
against bending and which does not cause to crack or 
fracture from the thermal shock given to the glass plate. 
The present invention also provides a marking 
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material for a heat-and-chemicals-proof code mark. 

The present invention achieves the above stated 
object by providing a method for marking materials using a 
material to be marked and a marking material consisting of 
a transparent body or a laser transmittive body, 
comprising a first process of placing the surface of said 
material to be marked and the surface of said marking 
material together with a desired gap therebetween, 
vaporizing said marking material by irradiating it through 
said material to be marked with a beam of a first laser 
power while scanning with the laser beam, and depositing a 
f5 deposit vaporized from said marking material to a 

p predetermined portion of said material to be marked and 

a. 

a second process of removing or denaturalizing said 
deposit deposited to the surface of said material to be 
marked with a laser beam of a second laser power, whereby, 
patterns of characters, diagrams or symbols are formed 
on said material to be marked. 

The present invention further provides a method for 
marking materials to form patterns of characters, diagrams 
or symbols on a material to be marked consisting of a 
transparent body or a laser transmittive body comprising 
the steps of creating a desired gap between the surface of 
said material to be marked and the marking material, 

reacting the gas which exists in said gap from the 



6 



in 



■a 

C3 



vaporization of said marking material irradiated by said 
laser beam V7ith the vaporized marking material, and 
adhering the reaction product onto the surface of said 
material to be marked. 

In addition, the present invention provides a method 
for marking materials comprising steps of 

forming patterns of characters, diagrams or symbols by 
changing the light transmittivity or the light reflection 
factor of the deposit consisting of the marking material 
deposited to the transparent body or laser transmittive 
body by irradiating with a laser beam. 

A metal, an alloy, an intermetallic compound or a 
metal compound, or a compound v;hich includes at least one 
of said metal, alloy, intermetallic compound or metal 
compound, and in particular a steel or stainless steel is 
used as the marking material. 

According to the present invention, since marking is 
done by adhering a film onto a glass plate in a first 
process and partially removing the film in a second 
process, clear fine marks can be obtained effectively. 
Also, since the glass plate is not damaged, the glass 
plate does not break and moreover, a mark with a high 
bending strength can be effectively provided. 

Since the present invention employs stainless steel 
or steel as a marking material, a heat-and-chemicals-proof 
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code mark can be formed, thereby assuring reliable code 
recognition on the production line . 

Also, as thin film is used on the marking material 
comprising of a laser transmittive body like a glass plate, 
a code mark can be formed having a uniform film thickness, 
making stable code recognition possible. 

Brief Description of Drawings 
Fig. 1 is a sectional view and a plan view of a 
marking process with reference to embodiment 1. 

Fig. 2 is a time dependence of YAG laser power, 
p Fig. 3 is a variation of YAG laser power. 

Fig. 4 is a sectional view and a plan view of the 
marking process v/ith reference to embodiment 2. 

Fig. 5 is a sectional view and a plan view of the 
marking process with reference to embodiment 3. 

Fig. 6 is a plan view of Two-dimensional Code. 
Fig. 7 is a plan view showing laser scanning in the 
first process . 

Fig. 8 is a plan view showing laser scanning in a 
cell of Two-dimensional Code. 

Fig. 9 is a plan view showing laser scanning of the 
character L pattern . 

Fig. 10 is a view showing the relationship between 
the thickness of a film manufactured in the first process 
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and the laser power with reference to embodiment 5. 

Fig. 11 is a sectional view and a plan view of the 
marking process with reference to embodiment 6. 

Fig. 12 is a sectional view and a plan view of the 
marking process with reference to embodiment 7. 

Fig. 13 is a sectional view and a perspective view 
of the marking process with reference to embodiment 8. 

Fig. 14 is a view showing the surface configuration 
of a mark manufactured by the marking method of embodiment 
8 . 

Fig. 15 is a type view of the marking apparatus used 
?•% in the marking method of embodiment 10. 

Fig. 16 is a perspective view showing the structure 
of the main parts of a marking apparatus of the prior art. 

Fig. 17 is a sectional view of the prior art making. 
Fig. 18 is a sectional view showing the appearance 
of marking in the prior art. 
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Best Mode for Carrying Out the Invention 
Embodiments of the present invention will be 
described below with reference to the drawings. 
(Embodiment 1) 

Fig. 1 is a sectional view and a plan view showing 
the process of the marking method of embodiment 1. In the 
process, chips 6a and 6b of 100 // m in thickness are 



9 



placed on metal plate 1 formed from titanium as the 
marking material, and glass plate 2, the material to be 
marked, is placed on the chips to form a gap of 100 /i m 
between metal plate 1 and glass plate 2 (Fig, 1(a)) . By 
using a YAG laser device and adjusting the focus of laser 
beam LA of 40 /i m in beam diameter onto metal plate 1, a 
laser beam to a desired area (2 mm square) scanning at 50 
II m interval by means of first laser power (in the present 
embodiment, not less than 30 W or 30 mJ/pulse) . 
Accordingly, the metal of metal plate 1 irradiated by the 
laser beam LA is heated and melted, partially evaporated, 
ionized or turned to plasma. The metal evaporated, 
ionized or turned to plasma chemically reacts with the gas 
in the gap between metal plate 1 and glass plate 2 to 
produce titanium monoxide, dititanium trioxide and then 
they deposite to surface 2a of glass plate 2. Through the 
first process described above, a black film M of 0.2 /i m 
in thickness is formed on glass plate 2 in an area of 2 mm 
square (Fig. 1(b)). 

Next, the second process is described. In Fig, 1(c), 
glass plate 2 formed in the first process is separated 
from marking material 1 in a stage not shown. By applying 
a laser beam of 40 // m diameter to film M on surface 2a of 
the separated glass plate by means of a second laser power 
(in the present embodiment, less than 30 W or 30 mJ/pulse) , 
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the laser beam is scanned so as to form a predetermined 
character, diagram or symbol. Upon receiving the 
irradiation of the laser beam, the laser irradiated 
portion of the film M comprising titanium monoxide, 
dititanium trioxide are removed from surface 2a of glass 
plate 2. Thus, characters, diagrams or symbols 3 of a 
clear contrast are marked on glass plate 2. In the 
present embodiment, a tv;o-dimensional Data Code mark M of 
7 cells X 7 cells is produced. 

The beam diameter of the laser beam used in the 
present embodiment is 40 /i m as described above, and it 
succeeded in the embodiment in drawing a diagram having 
the resolution of the beam diameter. It is noted that 
when marking is perform.ed according to the prior art using 
a laser beam of 40 /i m beam diameter, the resolution of 
the diagram is 50 /i m or more. In other words, according 
to the present embodiment, it is possible to form a minute 
mark having resolution the same as that of the laser beam 
diameter. Further, in the first process and the second 
process, a beam diameter of a different size can be 
employed and the laser power can also be changed for each 
process. 

According to the present embodiment, a minute mark 
can be formed, and. besides, since glass plate 2 and metal 
plate 1 are placed slightly separated from each other. 
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even if the metal is heated to a temperature as high as 
near the fusion temperature being irradiated by the laser 
beam, glass plate 2 does not crack or break. Also there 
is no risk of forming a hollow or a dent in the glass 
plate, the bending strength of the glass plate is not 
lowered thereby facilitating mechanical transportation. 
In the present embodiment, a YAG laser is used, but it is 
apparent that the same effect can be obtained with an 
excimer laser or a carbon dioxide gas laser if the laser 

LJ 

fij beam can transmit through the material to be marked. 

^3 

In Further, titanium is used for the metal plate in the 

y 

C;3 above embodiment, marking can be applied to the glass 

C3 plate in the same way as in the present embodiment by 

fu using titanium-niobium alloy, titanium-zirconium alloy, 

^3 titanium monoxide, titanium hydride, titanium-titanium 

monoxide compound or the like all including the titanium 
atom. Further, other than titanium, gold, iron, tungsten, 
molybdenum, lead, tin, silver, cobalt, chromium, copper, 
manganese, niobium, nickel, palladium, platinum, ruthenium, 
vanadium, Ni-Co, Cu-Ni, NbsSn, FssOir CrO-COzOa/ FesOs-MgO 
can be used. 

Further, by appropriately selecting the 
concentration of the gas contained in the gap, it becomes 
possible to make the same material as the metal plate 
deposite to glass plate without going through reaction 
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with the gas. Further even though a glass plate is used 
in the present embodiment, it is apparent that the same 
effect will be obtained by using a material with laser 
transmittive . 

Further, in the present embodiment, particularly as 
the marking material, SUS301, SUS304, SUS310S, SUS405, 
SUS430, SUS447J1, SUS403, SUS410, SUS440A, SIOC, S25C, 
S35C, S45C are used and marking is applied to the glass 
plate according to the procedure shown in Fig, 1- Fused 
silica is used as the glass plate. A two-dimensional Data 
Code thus marked on the glass plate has a clear contrast 
independent of the marking material used, and gives good 
recognition results by means of a data code reader at the 
time immediately after marking. 

In a manufacturing process of the plasma display 
panel, the glass plate marked with a code is heat-treated 
in the manufacturing process at about 600 X3 . In a 
manufacturing process of the liquid crystal panel, the 
glass plate marked with a code is heat-treated in 
manufacturing process at about 300 . In the present 
embodiment, the two-dimensional Data Code mark formed by 
using each of the above marking material was heat-treated 
in the atmosphere at a temperature of 650 for 30 minutes, 
and then subjected to the reading test. The reading test 
consists of reading of each two-dimensional Data Code for 
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10 seconds with 200 times reading and measures the number 
of correct reading of the code contents. 

Table 1 shows the reading results picked after 
marking, the reading results picked after heat-treatment 
of 650 "C, 30 minutes in the atmosphere, and composition 
of marking materials. 



[Table 1] 



marking 
material 


correct reading 
rates (%) 


marking material composition 
(%) 


after making 


after heat- 
treatment in 
atmosphere 
650°C, 30 min. 


Fe 


Cr 


Ni 


C 


SUS301 


100 


85 


72 . 9 


17 . 0 


7.0 


0.15 


SUS304 


100 . 


82 


68-7 


19.0 


9.3 


0.08 


SUS304L 


100 


76 


66. 9 


19.0 


11 . 0 


0.08 


SUS301S 


100 


60 


50 . 9 


25. 0 


20.5 


0 . 08 


SUS405 


100 


93 


85.7 


12 . 3 


0 


0.08 


SUS430 


100 


89 


81 . 1 


17 . 0 


0 


0 . 12 


SUS447 Jl 


100 


78 


68 . 9 


30 . 3 


0 


0.01 


SUS403 


100 


94 


85.9 


12 . 0 


0.5 


0 . 15 


SUS410 


100 


92 


84 . 3 


13 . 0 


0.5 


0.2 


SUS4 4 0A 


100 


52 


79. 9 


17 . 0 


0.5 


0.65 


SIOC 


100 


94 


9.9.2 


0 


0 


0 . 1 


S25C 


100 


92 


99.08 


0 


0 


0.22 


S35C 


100 


70 


98 . 65 


0 


0 


0.35 


S45C 


100 


50 


98 . 55 


0 


0 


0.45 



It is noted that reading results are represented as 
correct reading rates. Further, it is also noted that a 
sum composition of each marking material does not reach 
100 % in table 1, but this is because the marking material 
includes other material, such as Si, Mn not listed in the 
table. The correct reading rate just after marking is 
100 % for every marking material. 
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In the present embodiment, when stainless steel is 
used as the marking material, the marking color changes a 
little after heat-treatment in the atmosphere at a 
temperature of 650 ""C for 30 minutes, but the marked code 
further remains sufficiently recognizable for use. In 
case the marking material is stainless steel of an 
austenite group such as SUS301, SUS304, SUS310S, the 
correct reading rate of the code after heat-treatment is 
60 to 85 %, and the more, the marking material contains Ni 
and Cr components and the lesser contains Fe components, 
the worse the correct reading rate become. In the case 
the marking material is stainless steel of a ferrite group 
such as SUS405, SUS430, SUS447J1, the correct reading rate 
of the code after heat-treatment is 87 to 93 %, and the 
more the marking material contains Cr components and the 
lesser contains Fe components, the correct reading rate 
becomes worse a little. In the case the marking material 
is stainless steel of a martensite group such as SUS403, 
SUS410, SUS440, the correct reading rate of the code after 
heat-treatment is 52 to 94 %, and the more the marking 
material contains Cr components and the lesser contains Fe 
components, the correct reading rate becomes worse a 
little. However, the correct reading rate of SUS440A 
containing much carbon is 52 % and lower than that of 
other stainless marking material. On the one hand, any 
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one of steel group material SIOC, S25C, S35C, S45C is used 
as the marking material, the correct reading rate of the 
code after heat-treatment is 50 to 94 %, and the more the 
marking material contains C components, the worse the 
correct reading rate becomes a little. When the carbon 
content is 0.25 % or less, the correct reading rate of the 
code after heat-treatment is 90 %, representing a high 
recognition ratio. From the above results, with an 
increased amount of Ni contents in the marking material, 
the correct reading rate after heat-treatment becomes 
worse, and with an increased amount of C contents in the 
marking material, the correct reading rate after heat- 
treatment is remarkably worse . Further, if the Fe 
contents in the marking material is increased, the correct 
reading rate after heat-treatment is raised. Although the 
reason for the above phenomena is not clear, it is assumed 
that since a mark produced with a marking material made of 
stainless material is black or blackish brown, the 
stainless material which has already been oxidized is 
formed on the glass plate. This oxide mark is considered 
as a compound oxide containing elements (Fe, Cr, Ni) of 
the marking material as primary components, or a mixed 
oxide, that is, a mixed oxide comprising an iron oxide, a 
chromium oxide and a nickel oxide. Further, these 
compound oxides or mixed oxides are oxides slightly 



reduced and whose color is changed by oxygen when it is 
supplied in the heat-treatment. Since the correct reading 
rate is lowered as the amount of Ni is increased, it is 
presumed that the color change is mainly caused by the 
change of NiOi-x to NiO which is included in the marked 
film. Further, with reference to a chromium oxide, the 
light-shielding-property (the characteristic of light 
shield) is affected a little by oxidization. Carbon in 
the marking material exerts a large influence on the mark 
quality. It is considered that carbon exists in the mark 
after marking is applied, but is gasified (carbon gas) by 
heat-treatment. This can be presumed by the fact that the 
mark formed from the marking material containing a large 
quantity of carbon such as SUS440A, S45C loses a light 
shielding property being subjected to the heat-treatment 
process . 

According to the present embodiment, by using 
stainless steel or steel as the marking material, it 
becomes possible to produce QR Code, Data Code, Veri Code, 
or two-dimensional bar codes, or bar codes, each having 
quality which does not varied when subjected to heat- 
treatment. Particularly, when the stainless material not 
containing a large quantity carbon and nickel, like low 
carbon steel, martensite group or ferrite group stainless 
steel, is used as the marking material, mark quality does 
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not deteriorate through heat-treatment allowing code 
recognition of higher reliability. Further, since 
stainless steel and steel are widely used as structural 
material, allowing easy machining and grinding, being 
available at low cost, they contribute to lowering the 
market price of the marking material. 

In the present embodiment, as shown in Fig. 1, the 
mark of the two-dimensional data code is formed through 
the first process for depositing the film to the glass 
plate and the second process for removing the deposited 
film, but in some cases, the mark is completed by only the 
first process without going through the second process. 
In the production line of a liquid crystal panel or a 
plasma display panel, in some cases, a somewhat large 
character is marked as the substrate manufacturing number 
to allov; easy recognition. Also in this case, the marking 
quality of the marking material of the present invention 
does not deteriorate by heat- treatment , thereby serving to 
further the cost reduction of the marking material. 
Further in the present embodiment, a two-dimensional data 
code is used as the mark to review the recognition 
performance, however, QR Code, Veri Code, or a two- 
dimensional bar code which all belong to a minute code or 
a bar code can be used with sufficient heat-resistance, 
and hence it is apparent that the mark cost can be reduced 
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thereby. 

It is to be noted that, in the present embodiment, 
SUS301, SUS304, SUS310S, SUS405, SUS430, SUS447J1, SUS403, 
SUS410 and SUS440A as well as SIOC, S25C, S35C and S45C of 
the JIS (Japanese Industrial Standard) are used as the 
stainless material, however, other stainless material and 
steel material of the JIS can also be used. Further, the 
marking material of the present invention is not limited 
to the material of the JIS, but mass-produced steel or 
stainless steel of low price of a foreign standard can be 
used for the marking material of the present invention. 

Further, the liquid crystal panel and the plasma 
display panel are not only heat-treated by the above 
temperature, but generally additionally subjected to 
chemical treatment such as etching in the manufacturing 
process. Therefore, the formed mark of the two- 
dimensional bar code or the bar code must be chemicals- 
proof. In the present embodiment, the marking materials 
of SUS301, SUS304, SUS310S, SUS405, SUS430, SUS447J1, 
SUS403, SUS410 and SUS440A as well as SIOC, S25C, S35C and 
S45C are used as manufacturing marks of Two-dimensional 
Data Code, and the marks are heat-treated at 650 for 30 
minutes, and then dipped for 10 minutes in 5 % 
hydrochloric acid, 10 % hydrochloric acid, and 5 % sodium 
hydroxide aqueous solution, respectively, to produce each 



sample. After washing each sample with pure water, the 
correct reading rate of each sample is measured with 
reference to the Two-dimensional Data Code. 



[Table 2] 



marking 
material 


Correct Reading Rate (%) 


marking 
material 


heat- treatment 
in atmosphere, 
650°C- 30 min. 


5% HCl 


10% HCl 


5% NaOH 


SUS301 


100 


85 


80 


76 


84 


SUS304 


100 


82 


77 


73 


81 


SUS304L 


100 


76 


70 


68 


75 


SUS301S 


100 


60 


60 


60 


60 


SUS405 


100 


93 


93 


85 


92 


SUS430 


100 


89 


89 


87 


88 


SUS447 Jl 


100 


87 


85 


81 


85 


SUS403 


100 


94 


94 


90 


92 


SUS410 


100 


92 


■ 92 


89 


91 


SUS4 4 0A 


100 


52 


52 


50 


52 


SIOC 


100 


94 


55 


35 


91 


S25C 


100 


92 


49 


31 


90 


S35C 


100 


70 


33 


23 


67 


S45C 


100 


50 


25 


13 


49 



The correct reading rate of the Two-dimensional Data 
Code marks whose marking material are stainless steel show 
substantially the same results with reference to the case 
after heat-treatment, after being dipped in a hydrochloric 
acid, and after being dipped in a sodium hydroxide aqueous 
solution. As describe above, the Two-dimensional Data 
Code mark formed using stainless steel marking material is 
a strong mark being acid-proof and alkali-proof in 
addition to be heat-proof. Compared with a mark using 
steel marking material later described, a mark using 
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stainless steel as the marking material can be used in the 
manufacturing process of a common liquid crystal panel or 
a plasma display panel without any problems and capable of 
code recognition with high reliability. The mark 
according to the present invention described above is 
considered to have a mark film of compound oxides 
consisting of iron, chromium and nickel. 

The Two-dimensional Data Code mark whose marking 
material is iron steel shows substantially no change in 
correct reading rate when dipped in sodium hydroxide 
aqueous solution, however, the correct reading rate 
becomes worse when dipped in hydrochloric acid. 
Particularly, when dipped in 10 % hydrochloric acid, 
the correct reading rate becomes v/orse remarkably, to less 
than 50 % of the value obtained after heat-treatment. 
However, the marking material of steel is effective in a 
process in which no acid solution is used. 

According to the present embodiment, by using steel 
or stainless steel as a marking material, it becomes 
possible to provide a code mark with chemical resistance 
and high reliability. 
(Embodiment 2) 

As described above, a mark such as a Two-dimensional 
Data Code mark to be read by transmitted illumination is 
required to have uniform film thickness throughout the 
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mark. Fig. 2 is a view showing the change of the YAG 
laser power used in the first process of Fig. 1 through 
time, in the process of depositing a film to a glass plate. 
The YAG laser for marking use is generally applied with 
pulses of 1 to 10 KHz, and uniform marking becomes 
possible when the peak power of each pulse reaches the 
same value as shown in Fig. 2. However, according to 
operating conditions, the YAG laser may possibly occur 
power fluctuation as shown in Fig. 3. The reason for this 
power fluctuation is presumed to be mode fluctuation of 
the laser, fluctuation of the quantity of light of the 
Krypton arc lamp used as the excitation source of the 
laser, temperature variation of a coolant for cooling the 
YAG rod, instability of the Q switch driver for generating 
the pulse laser, defective adjustment of the optical 
system, or a defective control method for the first pulse 
killer at the marking starting point or the like. In 
recent years, although the performance of lasers have 
considerably improved, skilled technique is further 
required to obtain a laser oscillation of the stable power 
shown in Fig. 2, and it has been necessary to use the YAG 
laser with the knowledge that the YAG laser has power 
fluctuation of about ± 10 % at the minimum. In the case 
when marking shown in the present embodiment 1 (Fig. 1) is 
performed using a laser having power fluctuation as shown 
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in Fig. 3, since the amount of marking material on the 
glass plate for the mark in the first process varies with 
the fluctuation of the laser power, the film thickness of 
the mark also varies. When mark like this is read by a 
code reader using transmitted illumination, since the 
light-shielding-property is affected by unevenness of the 
film thickness, correct code reading is difficult. In the 
present embodiment. Two-dimensional Data Code marking is 
prepared by using a metal film formed on the glass plate, 
fq a laser transmittive body, and subjected to a reading 

recognition test to review the performance. 
(^^^^ *" ^ig - — ^ rhr i T.T^ 7^ c; f rn rj-i ir p of emb o Himpnt 2 and, 
marking process thereof. In Fig.. 4, the symb'ol la 
represents a metal film formed on gla^s plate 1, the 
numeral 2 a glass plate used as t>ife material to be marked, 
6a and 5b are chips to provid^ a gap between the marking 
material and the material yco be marked (Fig. 4(a)). In 
the present embodiment , /there is provided a gap of about 
50 /i m. The marking /method comprises the steps of 
scanning and applying a laser beam LA such as the YAG 
laser to metal yxilm la through glass plate 2 to evaporate 
metal film Ld/ thereby making a film M deposit to a 
specific >area of glass plate 2, as shown in Fig. 4(b); 
succe^^vely separating glass plate 2 from glass plate 1 

ag e not -^ shown an4 — fe- h e n scanning the l<:i:je i b caiib -^ 
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switch in order to apply the laser beam JUA-iTo" the 
predetermined part of the f iliji--^^7^hereby forming a 
predetermined f igure^^^arSshown in Fig. 4(c). In the 
present embpdirrient, a Two-dimensional Data Code of 7 cells 
^^^^■ ■^""dell - s — i s p repared 

'y T t ie p iebenL embodlmenL uses chiumlum for Jiho m o tal-'. 
film, soda glass for glass plate l^.---^jid fused silica for 
glass plate 2. The twoj;;:jd^tTrferisional Data Code mark formed 
on glass plat^.^-^^'lias a clear contrast and is easily 

Q3 / subSequentlT ; — Tn— l-hn pn r ^Rss of Fig, 4(b), th^^^^ ::^ 
quantity of light of a Krypton arc lamp, ^^rfrfch is a laser 
excitation source, is intentionally ^v^ried during marking 
to form the fluctuated state of^zhe laser power shown in 
Fig. 3, thus forming a Two-dimensional Data Code. The 
maximum power fluctuation rate at this time is decided as 
50 % of the peak powex. The Two-dimensional Data Code 
thus formed is eas/ly recognizable by means of the data 
code reader in tme same way as the Two-dimensional Data 
Code formed In the state with no power fluctuation 
resulting im. the clear mark. When the metal film on the 
glass pLate is used as the marking material in this way, 
since/the heat capacity of the metal film is small 

[fpared tc5" LliaL ol bulk uiaLerial, — ai:±— th e -m:eta4--.Xil inis 
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^yrspoTBtr ^ by the small laser povjcr and then deposited^ 
the glass plate. Therefore, the metal film is not 
affected by variation of the laser power, thereby being 
able to provide a code mark of high reading ^;^liability . 
Further in the present embodiment, although a chromium 
films of a thicknesses of 0.1 /z m, 0 .2/li m, 0 . 3 /i m, 0 . 5 M m, 
0.7 M m, 1 11 m, 2 m m, 3 /i m, 5 /i m o/ 10 m m is used as the 
metal film, all succeeded in forining a clear two- 
dimensional mark. However, ir/ the case of film thickness 
of 3 /i m or more, a part op^ the chromium film on glass 
plate 1, V7hich is not us^ed for forming the code, sometimes 
strips off at the tim^^ of marking, and it is desirable 
that the film thickfiess thereof be 2 // m or less for 
practical use. E^rther, it is apparent that a Two- 
dimensional D§<ta Code being heat-and-chemicals-proof can 
be provided/when stainless steel or steel is used as the 
metal fi^m. Other metal film made of the marking material 
^^^.S' ferfibed in ombodimont 1 may also be uc o d . ^ , 
^y^/ 111 LIi^ piebeuL - embodimont/ — although a mor^^ 
material having a metal film depositedpft^^e glass plate 
is used, inorganic material sucl^--^ sapphire, quartz other 
than glass plate may be^^p^€d as long as the laser beam 
transmits througt^-'tlie material . Although the YAG laser is 
also used^xdrfi the present embodiment as the laser beam, if 
iJ><SaJL chQs the material to be marke d, — ii-i.-^--ai4ewabl-e-iXL — 
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operation can be performed with the structure ^lid the 
process shown in Fig. 4, if a silicon wafeX is used as 
material-to-be-marked 2, organic matter/ such as paint or 
ink or metal such as Cr or gold or ylnorganic matter such 
as iron oxide, SiOs, silicon nit^de is used as thin film 
la, and a silicon wafer is u;gfed as substrate 1 of thin 
film la, paint or ink, Cr/or gold, iron oxide or SiOs or 
silicon nitride can be^marked on silicon wafer 2, In the 
present embodiment/'^ review of recognition performance is 
performed withy:^f erence to the mark expressed with the 
Two-dimensional Data Code, however, QR Code, Veri Code, or 
a two-di^nensional bar code,' each of which in a minute code, 
o r^A:^ r r-^Hg^ rF\r\ y^-r-iH -ac — the — t^udti^ 
-I Embodiment 1 and embodiment 2 are executed for 

marking on a liquid crystal panel or a plasma display 
panel. Hov;ever, the present invention is not limited to 
these uses, and if the material to be marked is glass, the 
present invention can be applied, for example, to window 
glass of a building, windshield glass of an automobile or 
a lens of optical equipment such as eyeglasses or a 
microscopes . 

A marking material can be processed by forming a 
thin film on the surface of a transparent body or a laser 
transmittive body in each of the other embodiments. 
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(Embodiment' 3) 

Fig. 5 shows, in sectional views and plan views, a 
marking method with reference to embodiment 3 of the 
present invention. In the process, glass plate 2 is 
placed on metal plate 1 made of chromium (a) . Then, by 
using a YAG laser apparatus, the focus of the laser beam 
LA is placed on surface la of metal plate 1 matched glass 
plate 2, and the 40 /i m diameter laser beam of first laser 
power (in the present embodiment, 45 W or 45 mJ/pulse or 
more) scans the area (shown in the Fig. 5(b) by a dotted 
line, 2 mm square) with an interval of 50 li m (b) . When 
glass plate 2 is separated from metal plate 1, a chromium 
thin film MC deposited to glass plate 2 is found in the 
area scanned by the laser beam (c) . Further, 40 fi m 
diameter laser beain LA is applied by second laser power on 
the chromium thin film MC deposited on glass plate 2 and 
scanned to form a desired character, diagram or symbol (d) . 
The chromium thin film MC irradiated by the laser beam 
effected by the second laser power (in the present 
embodiment, 11 W or 11 mJ/pulse or more) is removed to 
form a character, a diagram or symbol 3. The formed 
character, diagram or symbol 3 may become the portion 
where the laser beam is applied and transmits therethrough 
or a portion on which the chromium thin film MC remains. 
Further, in the second process of the present 



eiTibodiment (Fig. 5(d)), glass plate 2 is marked after 
being separated from metal plate 1. However, by selecting 
a scanning method and a laser power appropriately, it is 
possible to mark to glass plate 2 holding metal plate 1 
deposited thereto. In this marking method, through pulsed 
irradiation and concurrent scanning of, the laser beam 
applied with an appropriate speed keeping the laser power 
in a range of 5 - 10 mJ/pulse, the chromium thin film 
deposited in the first process is removed being 
instantaneously heated by the pulsed laser beam. By 
processing in this way, the same mark as that of the above 
embodiment can be formed. 

In the present embodiment 3, character, diagram or 
symbol 3 having the resolution of a laser beam diameter of 
40 M m is formed as in embodiment 1. However, since the 
glass and the metal is closely contacted, there is a 
possibility that glass plate 2 may crack or break, and 
hence it is desirable to have a gap between metal plate 1 
and glass plate 2 as shown in embodiment 1 . 
(Embodiment 4) 

O'^l ..ift— ttrfe present embodiment, — a TWo-dimensionai uode - as 



shown in Fig. 6 is made by usingti-tanium as the material 
according to the same pr-ocedure as that of embodiment 1. 
Results of marJ^ilig are shown as parameters of the first 
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i.e--com posed at 20 cells arral iyed wldLliwi - se and 20 c e lJ i S > 
arranged lengthwise, in total 400 cells. An ^-pattern is 
composed of the left side and the bottom^'ide, and the 
right side and the upper side pat^pn have white and black 
marks arranged therein alternaj>^y. Both configuration a 
pattern^'wT^ which a two-dim^sional code reader 
discriminates the posi^on of the code. 18 horizontal and 
18 lengthwise direcftional cells amounting to 324 cells are 
surrounded by/€he above four sides and record data such as 
a diagramy^ numeral, or an English character. In other 
vrards, ythe Two-dimensional Code of the present embodiment 
cap ^ocord data of 324 b drfs^ 

^i^^-^-jfotre- dU-ire lor manuladturlng the ^ATwu-dlm<^ n^loi.^ 
Code comprises the steps of scanning the laser be-am in the 
first process by a 50 /i m interval as showp^y the arrow 
mark in Fig. 7. Then, forming each soja^re cell of a white 
ground by scanning and applying tKe laser beam to form a 
pattern of a □ type as showii/ln Fig. 8 by the second laser 
power (10 W in the preseirT embodiment) in the second 
process, thereby entering data in 400 cells in total. By 
scanning the laser beam while keeping the first laser 
power constant: (in the present embodiment, 30 W) , the 
irradiati<5n energy power is raised to increase the amount 
of m^al evaporated at the place where the laser beam 
^^XXXs-r'-irtTrresponding to the left and right sides shown in 
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(1_ 

fe^-.— ^ (ail eiildiged paxL ul Fiy ■ 7), thnrphy incjrga sjja^ — 

the amount of metal deposited""to the glass pla'te, 

resulting in a Two-dimensional Code having a thick film at 

^- 

the turning point. Therefore, two problems are raised. 
First, in the second proceas", the film on the glass plate 
can not be removed sufficiently at the thick portion, 
consequently pr^dticing^^^peck^.^^^ Second, since the L pattern 
formed ±n Mie second process requires linking □ patterns 

Therefore, as another embodiment, in the first 
process in Fig. 7, the laser beam scans to form segment 8a, 
8b with a first laser power of 30 W and segment 9 with a 
first laser pov;er 25 W. Also in the second process, for a 
part corresponding to the L character pattern, as shown in 
Fig, 9, it was formed by one stroke with a second laser 
power of 20 W, As a result, in the first process, an 
almost uniform film is formed with the thickness within ± 
3% in variation. Also in the second process, the drawing 
time for the L pattern is reduced to 1/5. It is to be 
noted that in the present embodiment, Two-dimensional 
Codes are made in the first process and the second process 
by means of two different laser powers, respectively, 
however, the laser power of .three or more grades may be 
used according to the patterns of characters, diagrams or 
symbols to be made. 
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As described above, in the first and second 
processes, two or more laser power utilization makes it 
possible to obtain speckless mark. The marking time is 
also reduced. 
(Embodiment 5) 

In the present embodiment, according to the same 
procedure as that of eit±)odiment 1, titanium was used as 
the material, and the Two-dimensional Code shown in Fig. 6 
was manufactured using the first and the second laser 
powers as parameters. As parameters a first laser power 
of 20, 30, 40, 50, 60, 70 w, and a second laser power of 
10, 15, 20, 25, 30 w are used. Fig. 10 shows a relation 
between film thickness of a titanium compound formed on 
the glass plate and the first laser power. After forming 
a film with each of the above first laser powers, a two- 
dimensional code test is performed by applying the laser 
beam with each of the above second laser power. Table 3 
gives the test results . 



[Table 3] 
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Manufacturing results were judged by the sample reading 
test performed with a two-dimensional code reader. In 
table 3, O represents that the sample is readable, and X 
represents that the sample is unreadable. 

WiLh a rii: ^ L laser pov/or of 2Q Vh — biiice Lht^rel^' 
scarcely any film deposited to the glass plaj>e7 no 
readable Two-dimensional Code is made^^^fxirther , since the 
Two-dimensional Code made by a fi^^ laser power of SOW 
and a second laser power of 3pW has a lot of speck, it is 
unreadable by the two-dim^sional code reader. Further, 
with a first -laser pc^r of 70W and a second laser power 
of 15W or less, tKe film cannot be perfectly removed, so 
the mark canm2<c be read by the two-dimensional code reader. 
From the atx>ve results, it is obvious that a readable Two- 
dimens^nal Code can be made when the first laser power is 
h^^he^^— fehHTT^he second lasei' powei : — ' 
(Embodiment 6) 

Another marking method will be described in this 
embodiment. Fig. 11 shows the marking process of this 
embodiment. In this process, chips 6a and 6b of 100 /x m 
in thickness are placed on metal plate 1 made of titanium, 
and glass plate 2 is placed on the chips, making a gap of 
100 // m between metal plate 1 and glass plate 2 (a) . By 
using a YAG laser device and adjusting the focus of the 
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laser beam LA on metal plate 1, a laser beam is scanned to 
a desired area (2 ram square) with a 50 m interval by 
means of the first laser power (in the present embodiment, 
not less than 30 W or 30 mJ/pulse) . The metal of metal 
plate 1 irradiated by the laser beam LA is heated and 
melted, partially evaporated, ionized or turned to plasma. 
Metal evaporated, ionized or turned to plasma chemically 
reacts with the gas component in the gap between metal 
plate 1 and glass plate 2 to produce titanium monoxide, 
dititanium trioxide which deposite to surface 2a of glass 
plate 2, Through the first process described above, a 
black film M of 0.2 // m in thickness is formed on glass 
plate 2 in an area of 2 imn square (b) . Subsequently in 
the second process (c) , glass plate 2 is separated from 
metal plate 1 . In applying the laser beam to film M on 
surface 2a of glass plate 2 formed in the first process by 
a second laser power (in the present embodiment, less than 
10 W or 10 mJ/pulse) , the laser beam is scanned to form a 
predetermined character, diagram or symbol. At this time, 
the laser beam is applied from the direction reverse to 
that in (b) . Upon receiving the irradiation of the laser 
beam, the laser irradiated portion of the film M 
comprising titanium monoxide, dititanium trioxide is 
removed from surface 2a of glass plate 2. Thus, 
characters, diagrams or symbols 3 of a clear contrast are 
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marked on glass plate 2 . 

The beam diameter of the laser beam used in the 
present embodiment is 40 // m, and it has succeeded in 
drawing a diagram having the resolution of the beam 
diameter. It is noted that when marking is performed 
according to the prior art using a laser beam of 40 // m 
beam diameter, the resolution of the diagram is 50 /i m or 
more. In other words, according to the present embodiment, 
it is possible to form a minute mark having the same 
resolution as that of the laser beam diameter. Further, 
in the present embodiment, two independent laser sources 
are used in a first process and a second process, however, 
if a process for turning glass plate 2 by 180' is provided 
between the first process and the second process, the same 
marking as that of the present embodiment can be made with 
one laser source. 
(Embodiment 7 ) 

Another marking method will be described in this 
einbodiment . Fig. 12 shows the marking process of the 
embodiment. In the process, chips 6a and 6b of 100 /i m in 
thickness are placed on metal plate 1 made of titanium, 
and glass plate 2 is placed on the chips to form a gap of 
100 /i m between metal plate 1 and glass plate 2 (a) . By 
using a YAG laser device and adjusting the focus of the 
laser beam LA on metal plate 1, a laser beam is scanned to 
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a desired area (2 mm square) with a 50 /i m interval by the 
first laser power (in the present embodiment, not less 
than 30 W or 30 mJ/pulse) . Therefore, the metal on metal 
plate 1 irradiated by the laser beam LA is heated and 
melted, partially evaporated, ionized or turned to plasma. 
Metal evaporated, ionized or turned to plasma chemically 
reacts with the gas component in the gap between metal 
plate 1 and glass plate 2 to produce titanium monoxide, 
dititanium trioxide which then deposite to surface 2a of 
glass plate 2. Through the first process described above, 
a black film M of 0.2 ^ m thickness is formed on glass 
plate 2 in an area of 2 mm square (b) . Subsequently in 
the second process (c) , by applying the laser beam to the 
film M on surface 2a of glass plate 2 formed in the first 
process by the second laser power (in the present 
embodiment, less than 0 . 1 W or 0 , 1 mJ/pulse) , the laser 
beam is scanned to form a predetermined character, diagram 
or symbol. At this time, the laser beam is scanned in 
stepping motion so that the laser beam can stay at a 
predetermined spot for one to two seconds. Upon receiving 
the irradiation of the laser beam, the laser irradiated 
portion of the film M comprising titanium monoxide, 
dititanium trioxide are locally heated by absorption of 
the laser enegry, thereby changing to titanium dioxide MO. 
Since the portion changed to titanium dioxide becomes 



transparent, it becomes possible to perform marking in the 
same way as in embodiment 1. Here, the change into 
titanium dioxide to become transparent is called 
transformation. Through the above process, characters, 
diagrams or symbols 3 of a clear contrast are marked (d) . 

The diameter of the laser beam used in the present 
embodiment is 40 M and it succeeded in drawing a figure 
having the resolution of the beam diameter. It is noted 
that when marking is performed according to the prior art 
using a laser beam of 40 /i m beam diameter, the resolution 
of the diagram is 50 /i m or more. In other words, 
according to the present embodiment, it is possible to 
form a minute mark having the same resolution as the laser 
beam diameter. Further, in the present embodiment, 
although titanium is used as the marking material, alloy 
or a metal compound or a compound containing titanium may 
be used. Further, it is obvious that the same result as 
in the present embodiment can be obtained using the 
material by which film M is formed by heat in the first 
process and the color of the film M is thermally changed 
later. It was found in another test that the color of 
black silver oxide can be changed to lustrous white by 
depositing the black silver oxide to the glass in the 
first process and applying the laser beam in the second 
process to the silver oxide deposited in the first process 



for reducing and changing to metal silver. 
( Embodiment 8 ) 

Fig. 13 shows the process of the marking method of 
the present invention in perspective views and sectional 
viev7s. In the process, chips 6a and 6b of 100 /i m in 
thickness are placed on metal plate 1 made of titanium, 
and then glass plate 2 is placed on the chips thereby 
forming a gap of 100 fi m between metal plate 1 and glass 
plate 2 (a) . Then, by using a YAG laser device and 
adjusting the focus of a laser beam LA on metal plate 1, 
and scanning the surface of metal plate 1 under a 
predetermined laser irradiation condition at a fixed speed 
to produce desired characters, diagrams and symbols, (b) . 
The metal of metal plate 1 irradiated by the laser beam LA 
is heated and melted, partially evaporated, ionized or 
turned to plasma. Metal evaporated, ionized or turned to 
plasma chemically react with the gas component in the gap 
between metal plate 1 and glass plate 2, producing a 
substantially black film M on glass plate 1 (c) . As a 
result of an analysis of the film M by X-ray photoelectron 
spectroscopy, a large quantity of Ti^"*, Ti^^ and were 
confirmed and also some was detected. Therefore, it is 
presumed that the greater part of the mark formed on the 
glass plate is composed of titanium monoxide, dititanium 
trioxide and that a small quantity of titanium nitride 
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also exists therein . 

Fig. 14 shows data of the surface configuration of 
the glass after marking is applied, the data being 
measured by means of a surface roughness instrument. It 
was confirmed that there was deposited matter of about 0.3 
// m in the marking portion of the glass surface. 
According to the marking method of the present invention, 
since glass plate 2 is separated from metal plate 1, the 
metal does not directly contact the surface of glass plate 
2 even if the metal is melted being irradiated by the 
laser beam, and hence glass plate 2 is protected against 
generation of a crack and even when worst comes to worst, 
perfectly protected against breaking. Further, no dent is 
formed in glass plate 2, the bending strength of the glass 
plate is not in the least deteriorated. Besides, since 
the mark is black, it is easy to recognize and a code is 
recognizable by a reader such as a bar code reader. It is 
noted that although a glass plate is used in the present 
embodiment, it is clear that the same effect will be 
obtained by using a transparent or a translucent body for 
a laser beam. 

Further, since a clear square mark can be formed on 
the glass plate according to the present embodiment, a 
film M can be formed by applying the present embodiment to 
the first process of embodiment 1, 3, 6 and 7. 
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(Embodiment 9) 

Although the previous embodiments used titanium as 
the metal plate, the present embodiment uses titanium- 
niobium alloy, titanium-zirconium alloy, titanium monoxide, 
titanium hydride, titanium/titanium monoxide compound to 
apply marking in the same way to the glass plate. Table 4 
gives the color of markings obtained by using each of the 
above material, valence of the titanium atoms of the 
^2 marked portion obtained by X-ray photoelectron 

;i spectroscopy, and a titanium compound identified from the 

C3 

fj^ result of X-ray diffraction. 

[•I 

h [Table 4] 
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As a result, when marking is performed by using 
titaniuia-niobium alloy, titanium-zirconium alloy, titanium 
monoxide and dititanium-trioxide are detected. 
When titanium monoxide is used for marking, dititanium- 
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trioxide is detected. When titanium hydride is used, 
titanium monoxide is detected. When titanium-titanium 
monoxide compound is used, a large quantity of dititanium- 
trioxide and a small quantity of titanium monoxide are 
detected. The color when titanium-niobium alloy is used 
for marking is blackish gray, titanium-zirconium alloy is 
dark, titanium monoxide is blackish purple, titanium 
hydride is black, and titanium/ titanium monoxide compound 
is also black- All markings prepared by using the above 
materials have sufficient contrast for visual recognition. 
When a bar code was prepared under the above marking 
C3 conditions and a code recognition test was performed with 

a bar code reader, every test piece proved to be readable, 

^ 3 

[if except titanium-zirconium alloy marking. 

Therefore, according to the present embodiment, it 
is clear that it is possible to provide a sufficiently 
recognizable mark difficult to attain in the prior art by 
using a material containing titanium. Further, according 
to the result of measuring the surface configuration, 
since there is no . damage such as a dent in the glass 
surface, it is possible to provide a mark with high 
mechanical strength . 
{ Embodiment 1 0 ) 

In the present embodiment, marking is performed 
under a predetermined oxygen partial pressure using the 



^1 «? 
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apparatus shown in Fig. 15. In Fig. 15, the niimeral 7 
denotes a chamber wall made of stainless steel, 8 a 
chamber base made of stainless steel, 9 a gas introduction 
port, 10 a window made of quartz glass which transmits a 
laser beam into the chamber, 11 a zirconia gas sensor for 
measuring concentration of oxygen in the chamber, 12 a gas 
exhaust port, 13 an 0-ring, 14 a pressure gauge for . 
measuring the pressure in the chamber, 15 an oxygen gas 



3 cylinder, 16 a cylinder for argon gas which serves as 

4iJ 



carrier gas, 17 a valve, 18 a gas flow rate controller, 19 

a marking chamber. Glass plate 2 is placed on titanium 

III 

C3 plate 1 forming a gap therebetween by interposing chips 6a, 

S3 6b of 100 fi m in thickness. The laser beam is applied 

s :ir 

rU while scanning so as to form a figure of a bar code and a 

^3 character under the predetermined gas pressure. First, 

Oxygen gas is selected as reaction gas and argon is 
selected as carrier gas, and then setting oxygen partial 
pressure to 1, 2, 5, 10, 20, 40, 80, 160, 380, 760, 1140, 
1520 torr, marking is performed. After finishing marking, 
the mark has metallic luster with the oxygen partial 
pressure 1 torr, and then the atom detected by the X-ray 
photoelectron spectroscopy is only titanium having hardly 
any oxygen. That is, it is considered that, when the 
oxygen partial pressure is 1 torr, titanium evaporated by 
the laser beam LA deposits to glass plate 2 in the state 
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of metal. When the oxygen partial pressure is 2 torr, the 
mark shov^^s black color with slight metallic luster, and 
Ti^' and are detected from the result of X-ray 
photoelectron spectroscopy. In other words, it is 
presumed that, with an oxygen partial pressure of 2 torr, 
the part of titanium evaporated by the laser beam has 
reacted into TiO and mixed with metal titanium. With the 
oxygen partial pressure of 5 to 760 torr, the mark is 
black and Ti~\ Ti^"" and O^" are detected from the result of 
CO the X-ray photoelectron spectroscopy. In other words, it 

Cn is presumed that, with an oxygen partial pressure of 5 to 

23 7 60 torr, the titanium evaporated by the laser beam has 

reacted into TiO, TI2O3 and mixed with metal titanium, 
[jf With an oxygen partial pressure of 1140 torr or more, the 

z "I 

mark is white and Ti^" and O"" are detected from the result 
of the X-ray photoelectron spectroscopy. Specifically, it 
is presumed that, v;ith an oxygen partial pressure of 1140 
torr or more, the titanium evaporated by the laser beam 
has oxidized into TiOz and exists as Ti02 being mixed with 
metal titanium. 

As described above, according to the present 
embodiment, it is possible to provide a mark with a 
visually recognizable contrast under an oxygen partial 
pressure of 5. to 760 torr. Further, with reference to bar 
code figures, it was found that a clear mark is provided 
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which can be read by a bar code reader without fail. 
Further, in the present embodiment, marking is performed 
in the same way using, in addition to alloy and compounds 
containing titanium atom, metal such as silver, gold, 
cobalt, chromium, copper, iron, manganese, molybdenum, 
niobium, nickel, lead, palladium, platinum, ruthenium, 
silicon, tin, vanadium, tungsten, zinc, and zirconium, 
alloy such as Ni-Co or Cu-Ni, an intermetallic compound of 
U NbaSn, a metal compound of Fe^O^, and a compound of CrO- 

CO Co^O-i and Fe^O.-MgO. As a result, a substantially black 

mark on the glass surface is successfully formed when 
marking is performed using silver, cobalt, chromium, 
'^i copper, manganese, niobium, nickel, palladium, platinum, 

li ruthenium, vanadium, Ni-Co, Cu-Ni, NbaSn, FesOa, Cr0-CO203 

and Fe203-MgO, Moreover, when gold is used, a mark of 

S'J 

lustrous red, when iron or tungsten is used, a mark of 
dark brown, with molybdenum a mark of gray, with lead a 
mark of reddish yellow, and v/ith tin a mark of blue are 
formed on the glass plate. However, when silicon, zinc or 
zirconium is used, the color of the mark is white. In 
other words, according to the present embodiment, if the 
matter to be evaporated upon receiving laser irradiation 
can form a colored reaction product through reaction with 
oxygen, then a recognizable mark can be produced. Further, 
since the result of measuring the surface configuration 
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shows no damage such as a dent in the glass surface, a 
mark with high mechanical strength can be provided. 

Further, it is noted that a film M can be 
effectively formed by applying the marking material used 
in the present embodiment. That is, metal such as gold, 
silver, cobalt, chromium, copper, manganese, niobium, 
nickel, lead, palladium, platinum, ruthenium, silicon, tin, 
vanadium, tungsten, and alloy made of Ni-Co or Cu-Ni, an 
intermetallic compound of NbsSn, a metal compound of FesOj, 
and a compound of CrO-CosOa and Fe203-MgO, can be applied 
to the first process of embodiment 1, 3, 6 and 7, 
(Embodiment 11) 

Oxygen is used as the reaction gas in embodiment 10, 
however, nitrogen is used as the reaction gas in the 
present erabodiment for the study of marking. The marking 
apparatus employed has substantially the same structure as 
that used in embodiment 10. In Fig. 15, a cylinder for 
nitrogen gas, which serves as the reaction gas, is used in 
place of oxygen gas cylinder 15, and gas chromatography 
for measuring the concentration of nitrogen gas is used as 
sensor 11. Glass plate 1 is placed on metal plate 2 made 
of titanium, chromium, niobium, or tantalum interposing 
chips 6a, 6b of 100 ii m therebetween for forming a gap. A 
laser beam is applied while scanning so as to form a 
figure of a bar code and a character under a nitrogen gas 



partial pressure of 1, 2, 5, 10, 20, 40, 80, 160, 380, 760, 
1140, 1520 torr. As the result, vvith a nitrogen gas 
partial pressure 380 torr or more, titanium shows a mark 
of lustrous bronze, chromium shows a brown mark, niobium 
and tantalum show a black mark. That is, a mark with a 
contrast for allowing visual recognition can be provided 
not only with oxygen reaction gas but with nitrogen 
reaction gas. 

Further, as for a bar code figure, it was found that 
a clear mark can be provided and read by a bar code reader 
without fail- Further, since the result of measuring the 
surface configuration shows no damage such as a dent in 
the glass surface, a mark with high mechanical strength 
can be provided. 

It is to be noted that a film M can also be formed 
by applying the marking material proved to be effective in 
the present embodiment, that is, titanium, chromium, 
niobium and tantalum, to the first process of embodiment 1, 
3, 6 and 7 . 

(Embodiment 12) 

In the present embodiment, using the apparatus shown 
in Fig. 15, marking was tested under an oxygen partial 
pressure of 152 torr while maintaining the gap between 
glass plate 1 and metal plate 2 at 1, 2, 3, 5, 10, 20, 30, 
50, 100, 150, 190, 200 and 300 ji m. According to the 



result, the mark has metallic luster for a gap of 1 M iR/ a 
black mark with metallic luster for a 2 m m gap, a black 
mark for 3 to 190 fi m gap, and. a milky white mark for a 
200 /i m gap. Specifically, with a narrow gap, metal is 
not oxidized and deposites to the surface of glass plate 1 
without being changed. With 2 to 190 ii m gap, evaporated 
titanium forms TiO, Ti203 through oxidizing reaction and 
deposite to the surface of glass plate 1, and with a broad 
gap, a dent is formed in the glass surface as in the prior 
art and the marked portion looks milky white. 

As described above, according to the present 
embodiment, a clear mark is formed with a gap between 2 // 
m and less than 200 /i m. Further, various marking tests 
have been tried using several metals other than titanium 
while varying the gap, and clear marks were successfully 
obtained using very similar gaps. Moreover, since the 
result of measuring the surface configuration showed no 
damage such as a dent on the glass surface, a mark with 
high mechanical strength can be provided. Further, as 
described above, although titanium in the metal state 
deposites to the glass surface when the gap is 1 // m, the 
metal plate and the glass plate do not directly contact 
each other because of the gap and marking can be finished 
without giving a thermal shock to the glass plate. Due to 
this structure, after marking is completed, no crack is 



generated in the glass plate and no glass plate is broken, 
thereby eliminating the problem of the prior art (Japanese 
Patent Laid-open No. 008634/1994). 
(Embodiment 13 

^ 111 "thu Jj- Hitoent embodim e nt , — it . was triod t o f^oi^^-^ 

marking by applying the laser beam to an indi^um;:^tfin 

compound oxide film (hereinafter referred I^^ITO film) 

/ 

coated on a glass plate with a predeterpd^ned laser power 
(in the present embodiment, 0.08W or/less) and by scanning 
the laser beam so as to form a specific character. In a 
portion of the ITO film irradiated by the laser beam with 
the power of 0.02 to 0.08 W, /scarcely any change can be 
detected with the naked ey/. Hov^ever, when the portion of 
the ITO film irradiated yOy the laser beam through a band 
pass filter for transmitting light with wavelength of 700 
to 800 nm was checketi, it was found that the reflection 
light is remarkabl/y reduced, and the portions of the ITO 
film irradiated /4nd not irradiated by the laser beam make 
a clear contra/fet which can be easily recognized. That is, 
the portion /Irradiated by the laser beam looks black 
because the light transmits therethrough, and the portion 
not irradiated by the laser beam looks white because of 
refleCyCing the light, thereby producing a mark with a 
clea/ contrast. In the present embodiment, characters are 
re,^agJ3-^=^ ^ ^Ll^ le ileclj-on liyhL, buL Lhey Can albi 
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i^eeegi^-arz^ d in Llie same way vjiLh Liaiisia lsglon lighL. 
recognition due to the transmission light, the ©ration 
irradiated by the laser beam looks white bedause the light 
transmits therethrough, and the porticnr not irradiated by 
the laser beam looks black because tne light is reflected, 
thereby producing a mark with a/clear contrast. Therefore, 
if the (ref lexibility or the ^^ansmittivity of the film on 
^ the glass plate is varied yoy irradiation of the laser beam, 
a recognizable mark cari be obtained. In the present 
embodiment, the laser beam is applied to the ITO film on 
the glass plate for varying the ref lexibility^and the 
transmittivity, /hov^ever , if a film made of metal, alloy, a 
metallic compound or a compound of these matters other 
than the ITJO film is used and the ref lexibili ty as well as 
the transmissivity of the film can be varied by 
irradiation of the laser beam, it is evident that the same 
effect will be obtained. Further, by applying the present 
eml^diment to the second process of embodiment 1, a mark 
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